Abstract. Due to the restrictions of phosphorus uptake in commonly applied treatment systems such as biological treatment and precipitation, it has been focused to find improved removal technologies. The application of natural nanomaterials as adsorbents is favorable due to high adsorption capacity, low environmental impact and reasonable cost. Specially modified nanoclay presents an efficient and cheap alternative with good recovery abilities. However, the material has to be characterized in detail to understand its behavior. For the characterization, modified bentonite (BNT) was produced through exchanging the cations naturally bound to the bentonite surface with metal polycations. In this study, solutions containing hydroxy-polycations of aluminum (Al-BNT), iron (Fe-BNT), and a combination of aluminum and iron (Al-Fe-BNT) were used to prepare three samples of BNT for phosphorus adsorption. To obtain BNT in an accurate surface -volume ratio, it has to be grinded and sieved. To gain information on the influence of grinding on particle size of modified BNT, the samples were characterized through X-ray fluorescence (XRF), X-ray powder diffraction (XRD), and scanning electron microscopy (SEM). A clear determnation of particle size using SEM was difficult due to agglomeration of samples as a result of milling process. The need of ultrasonication or another separation method increases the production effort of nanosized modified BNT. As due to the improved surface -volume ratio, BNT with smaller mean particle size is expected to perform better, leading to a higher adsorption capacity and adsorption rate and therefore, this additional effort might pay off.
Introduction
The United Arab Emirates (UAE) experiences a dramatic increase in population that result in an increase in water demand. The UAE is highly dependent on desalination and purification of the available groundwater resources to help meeting the demand for water. The wastewater treatment plants in the UAE are using conventional systems to treat the wastewater without nitrogen or phosphorus removal [1] and therefore, there is a need for further treatment for the removal of such nutrients.
Phosphorus is an essential nutrient for the growth of organisms which may lead to eutrophication, therefore its removal is a major environmental concern specially when it reaches the surface freshwater bodies [2] , [3] . Adsorption methods are widely implemented for phosphorus removal from wastewater because they are cheap, efficient, and allow for recovery of adsorbed phosphorus which can be used as fertilizer [1] . Several natural minerals, commercial products and by-products such as zeolite, bentonite, magnetite, alum sludge, fly ash, red mud, gibbsite and boehmite work as phosphorus adsorbents [4] - [9] . Due to their low cost, intrinsic properties and wide availability, clays are favorable in comparison with the other available adsorbents [1] , [10] , [11] .
Clay particles modified with polycations of aluminum, iron, lanthanum or a combination of them can significantly increase the adsorption capacity. The polycations work as pillars between clay layers and therefore increase the surface area, pore volume and permanent porosity [1] , [12] . Recently, nano-materials are attracting the attention of researchers to investigate their ability in the removal of pollutants from wastewater. The smaller size of nano-particles compared to micro-sized particles increases the surface area and therefore enhances the adsorption capacity of material against several contaminants [13] , [14] . Reducing the size of the clay particles to the nano-level can significantly enhance their ability as adsorbents due to the extensive surface area in addition to the special charge characterization of the clay material [10] . Several studies were performed for the removal of phosphorus and some other anions from wastewater using iron based nano-particles, zinc oxide nano-particles, magnesium oxide nano-particles, copper oxide nano-particles, carbon nano-tubes, and graphene based nano-particles [15] - [18] .
The study herein was focused on synthesis and characterization of nano-sized modified clay adsorbents for the removal of phosphorus from water. The modified bentonite adsorbents were prepared using solutions containing hydroxy-polycations of aluminum (Al-BNT), iron (Fe-BNT), and mixtures of aluminum and iron (Al-Fe-BNT). The nano-sized level of particles was reached through ball milling and the samples were characterized through x-ray fluorescence (XRF), x-ray powder diffraction (XRD), and scanning electron microscopy (SEM).
Materials and methods
The bentonite particles used in this study are mostly containing sodium (Na-montmorillonite) and it was used in previous study [1] . The bentonite was obtained from a local supplier in Dubai city, United Arab Emirates (Poudrszan Industrial and Mineral Group). The bentonite swell index was observed to be 20 ml/g which is an indication of highly expansive bentonite [1] . The modified bentonite adsorbents were prepared based on previously documented methods [1] , [12] , [19] . The bentonite was prepared with three types of stock solutions and two types of pillaring solutions (Table 1) Annotations: Solution A was prepared by mixing 300 mL of 1.0 M Na2CO3 with 500 mL of 0.5 M AlCl3.6H2O; Solution B was prepared by mixing 100 mL of 1.0 M Na2CO3 with 500 mL of 0.2 M FeCl3.6H2O.
All clay preparations were produced at a final volume of 1 L. After several washings with distilled water to get rid of chloride in the supernatant which was tested by silver nitrate, the clay was separated by filtration and dried at 105 °C for 24 hours. The dried clay was grinded for varying time intervals to obtain different sizes in micro and nano levels. For getting micro size samples, the original bentonite was grinded and sieved, and a size of 75 μm to 150 μm was obtained. Then, the particels size were further reduced through ball milling method. Ball milling is a widely-used technique for particle size reduction but the problem of agglomeration usually occures whenever it's applied in a dry powder form. A combination of ball milling and ultrasonication can effectively reduce the particle size and minimize agglomeration. The particles were grinded in ball milling machine (Type PM100) using Teflon containers of size 25 ml with eight Teflon balls of 12 mm diameter for 1 hour, 2 hours, and 3 hours under dry conditions at 450 rpm. The particles were then characterized through x-ray powder diffraction (XRD) and scanning electron microscopy (SEM) to ensure reaching the nano-size level and recording the particles sizes.
Results and discussion
A knowledge of the material properties and particle characterization is important specially when the material is to be implemented in an application. In this research, the bentonite adsorbents were characterized by XRF, XRD, and SEM. XRF was performed using (HORIBA, XGT-7200V) with a beam diameter of 1.2 mm and for a duration of 200 seconds. Herein, the chemical composition of the modified bentonite samples was determined through XRF. Table 2 and Fig. 1 below show XRF results with silicone as the most dominant element in bentonite. 
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The 1, 2 and 3 hours' ball milled samples of BNT, Al-BNT, Fe-BNT, and Al4-Fe4-BNT were analyzed through X-ray powder diffraction (XRD) and shown in Fig. 2 below. XRD test was performed using (Bruker D8 advance) with 40 kv applied voltage and 50 mA current. The step size was 0.2 degree with 0.2 seconds per step for angles between 5 and 85 degrees. XRD test was carried to ensure that structure of particles was not damaged with modifying original bentonite or with reducing particle size. It was found that as the particle size decreased, the count value increased. Also, chemical composition of the different minerals presented in the samples were determined and shown in Fig. 3 below. Cristobalite, quartz, kyanite, dolomite, and aerinite were the dominent minerals in bentonite samples. Prior to characterization of bentonite samples through scanning electron microscopy (SEM) and to reduce particles agglomeration, the particles were dispersed in an ultrasonication path at 24 o C for approximately 1 hour. Then, the samples were coated with carbon layer of 20 nm thickness for a duration of 2 minutes using carbon evaborater device (Quorum-CA7625). SEM was perfromed to determine the particle size of bentonite samples using (Tescan, environmental SEM, source: LaB 6) with 30 kv voltage. Fig. 4 below shows 
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To study the impact of sample particle size against its adsorption capacity for phosphorus with time, an adsorption kinetics experiment was performed. A stock solution of phosphates (50 mg/l of phosphorous) was prepared by dissolving 0.221 gm of KH2PO4, dried at 120 o C for 2 hours in 1 liter distilled water. The size of the phosphorus stock solution was 50 ml, and the amount of adsorbent added to the solution each time was 0.1 g. The sample pH was adjusted to 5 by using HCL or NaOH, as it's the most appropriate value for phosphorus adsorption. The adsorption experiment was performed with initial concentration of 25 mg P/l. The test was carried on magnetic stirrers at 200 rpm and phosphorus concentration was measured at intermediate intervals (15, 30, 45, 60, 90, 120, 180 , minutes … etc.) and up to 5 hours. For adsorbent separation from the solution, a centrifugation technique was applied at 6,000 rpm for approximately 20 minutes. The PO4-P concentration was measured according to the ascorbic acid standard method with a UV-Vis spectrophotometer. Table 3 and Fig. 5 below show the results of adsorption experiment using bentonite samples. The results showed significant increase in adsorption capacity of modified bentonite compared to the blank samples. Fe-BNT in the micro size level reached an adsorption capacity of 9.8 mg P/l which is the highest among other adsorbents. Adsorption capacities of samples in the nano size level were not as expected and that's due to the agglomeration of a b c d the particles before and during the experiment. Agglomerated particles reduced the surface area for phosphorus to be adsorbed on bentonite samples. 
Conclusion
This study was performed for the synthesis and characterization of modified nano bentonite samples for phosphorus adsorption. Samples characterization was done through XRD, XRF, and SEM tests. Size of bentonite particles was around 70 nm after 1 hour of ball milling. The adsorption kinetics experiment showed that modified bentonite samples in micro size level performed better than nano size level. Agglomeration of nano bentonite samples prevented maximum adsorption of phosphorus by bentonite particles. Further treatment for nano samples should be considered before running phosphorus adsorption experiment.
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